Geospatial information obtained from satellite data can contribute in various ways in assessing and dealing with prevalence of diseases. In this study, patterns of Buruli Ulcer (BU) in Central Cameroon were analysed using satellite imagery and GIS techniques in order to provide a better understanding of spatial characteristics and possible transmission mechanism of BU. First, geospatial mapping of BU case data was performed to assess spatial patterns. Second, a qualitative assessment was conducted based on environmental factors and exposure variables to address the (relative) infection risk for BU in the study area.
Introduction
Buruli Ulcer (BU) is a neglected infectious disease caused by Mycobacterium ulcerans. The disease has been reported in more than 30 countries with tropical and subtropical climates (WHO 2012) . There is still little knowledge on the distribution and mode of transmission of BU which can partly be explained by the fact that mostly poor rural communities are affected, leading to a poor documentation and reporting of cases. In 2002, the Médecins Sans Frontières (MSF) Health Centre in Akonolinga, Central Cameroon, was set up. During 2002 and 2010, more than 1100 patients have been treated in a dedicated BU programme. In order to be able to forecast and avoid BU infections in the future, a better understanding of the disease, its geospatial distribution, causes of infection and mode of transmission is still needed. This study comprised the mapping of BU case data in order to visualise the distribution of recorded BU cases in the study area, and furthermore, to identify spatial clusters and patterns which may indicate areas with an increased infection risk. Moreover, satellite imagery and geographic data were used to spatially map possible environmental Vogler, R., Car, A., Strobl, J. & Griesebner, G. (Eds.) (2014): GI_Forum 2014. Geospatial Innovation for Society.
factors, e.g. land use / land cover, terrain elevation, population distribution, in order to model and possibly predict potential infection risk areas of BU.
Study Area and Data
The study area is located in the southeastern part of the Central Province of Cameroon, in the Department of Nyong-et-Mfoumou and covers an area of 69,000 sqkm. Mainly the two Arrondissements of Akonolinga and Endom (4, 197sqkm) The HFP is the human influence index normalized by biome and realm. It was applied as an indicator for the degree of urbanization and to estimate local drinking water treatment capacities in the study area. The HFP was also used for assessing the risk of infection in the study area. BU case data was provided by MSF comprising anonymised cases that were treated at the MSF Health Centre in Akonolinga town. The cases were localised using the village names recorded with the cases.
Spatial Patterns Analysis
As a first step, the BU case data was visualised in a map. Each case was assigned to the home village of the corresponding patient, resulting in an overview of the spatial distribution of all cases. The cases are not evenly distributed among the villages. A clear concentration or clustering of BU cases can be detected around Akonolinga town, where the MSF Health Centre is located. A strong spatial clustering of BU cases was detected by using geo-statistical measures. These results should not be misinterpreted as an indicator of an increased prevalence or risk of infection near Akonolinga town. According to the empirical study carried out by PORTEN et al. (2009) , these findings are mainly the result of a general low level of awareness and lack of information about the presence of the MSF Health Centre for those people living in remote areas. Financial issues and the distance to the hospital were also mentioned as reasons for not consulting the health centre (PORTEN et al. 2009 ). A correlation analysis was carried out to investigate the statistical relationship between the number of cases and the distance to Akonolinga town, measured as the road distance as well as the direct Euclidean distance. For both distance measures, a clear negative correlation (significant for the 0.05 level) was detected with a correlation index of r = -0.50 for the Euclidean distance and r = -0.57 for the road distance. This indicates that the clustering around the MSF Health Centre might be biased by the location of the health facility.
Qualitative Assessment of the Risk of Infection
A qualitative assessment of the risk of infection of BU was conducted based on environmental factors (EF) assumed of possibly having a significant impact on the risk of infection. Additionally, selected exposure variables (EV) were further integrated in order to assess both, habitat related factors derived from EVs, as well as aspects of behaviour, following the concept of human ecology as described in MEADE & ERICKSON (2000) . Thus, in regard to the components of risk, habitat related factors represent the hazard, whereas the component of behaviour addresses the exposure component of risk. The applied approach to select EF was performed on the basis of a systematic evaluation of epidemiological studies documented in the literature. A total of 67 epidemiological studies on BU, with a regional focus on central Africa, were analysed. The survey showed that the occurrence of BU and many disease vectors are closely related to aquatic environments. High turbidity of water leads to increased water temperature and a high protection of Mycobacterium ulcerans against UV-radiation. These environments are partly a result of human activities, such as deforestation and agricultural / irrigation practices leading to an increase of surface water bodies and soil erosion. The latter can be seen as a cause for an increase of suspended sediments in surface water bodies. The geospatial distribution of environmental factors was derived from available satellite data (Landsat 5) and geospatial data sets. A differentiation between indirect 1 and direct 2 EF was carried out, depending on whether a factor was closely related or only a proxy for a specific habitat condition. Consequently, all indirect factors were treated as one factor and weighted less than the direct factor as they are only indirectly related to the underlying biophysical processes. The EF were used to map the qualitative potential risk of infection with BU (hazard component), not considering the spatial distribution of population which is exposed to this risk. Thus, this information was further combined with exposure variables (EV), in order to estimate the actual infection risk in the study area. The EV include the population as derived from demographic data for the years , 2004 , 2008 and 2010 (UT-BATTELLE & LLC 2013 ) and the HFP. The HFP was used as an estimator for urbanization and for local drinking water treatment capacities respectively. An explicit assessment of the vulnerability was not conducted in this study, however, relationships to vulnerability aspects arise from the use of the HFP data. The resulting maps of this qualitative assessment approach clearly show an increasing potential BU risk near the Nyong river in the centre as well as along the Nanaga river in the North of the study area. However, considering also the exposure variables, there are only few areas actually showing a high actual infection risk for BU.
Conclusions and Outlook
In this pilot study the potential of using satellite and geospatial data to contribute to a better understanding of spatial characteristics and possible causal mechanism of BU was identified. There are still uncertainties regarding the transmission of BU and research focuses on proofing of hypotheses and on spatial modelling of infection risk of BU. Thus, future investigations should combine systematically collected BU case data with satellite derived environmental and geographic data to enable better correlation and more significant geostatistical analysis allowing pre-identification of priority areas for medical interventions.
